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DETECTING TARGETS INROADWAY 
INTERSECTIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 61/185.005, entitled “Detecting Targets in 
Roadway Intersections and Tracking Targets Across Beams. 
filed on Jun. 8, 2009, which is incorporated herein in its 
entirety. This application is a continuation-in-part of U.S. 
patent application Ser. No. 1 1/614,250, entitled “Detecting 
Targets in Roadway Intersections, filed Dec. 21, 2006 now 
U.S. Pat. No. 7,889,097, which is incorporated herein in its 
entirety. This application is a continuation-in-part of U.S. 
patent application Ser. No. 1 1/264,339, entitled “Systems and 
Methods for Configuring Intersection Detection Zones', filed 
Oct. 31, 2005 now U.S. Pat. No. 7,573,400, which is incor 
porated herein in its entirety. 

BACKGROUND 

1. Background and Relevant Art 

The use of traffic sensors for the actuation of traffic signal 
lights located at roadway intersections is quite common. Gen 
erally, such traffic sensors can provide input used to properly 
actuate traffic control devices in response to the detection or 
lack of detection of vehicles. For example, traffic sensors can 
enable a traffic control device to skip unnecessary signal 
phases, such as, for example, skipping a left hand turn phase 
when no vehicles are detected in a corresponding left hand 
turn lane. 

Traffic sensors can also enable a traffic signal to increase 
green light duration for major arterials by only signaling the 
green light in the minor cross streets when vehicles are 
detected on the minor cross Streets and thus minimizing the 
red light for a major arterial. Thus, traffic sensors assist in 
properly actuating a signalized intersection to improve traffic 
flow. In addition to the actuation of signalized intersections of 
roadways for automobile traffic, traffic sensors are also used 
for the actuation of intersections of a roadway for automobile 
traffic with a railway. 

Unfortunately, the cost of traffic sensors, the cost of corre 
sponding installation, and the Subsequent maintenances costs 
can be relatively high. Thus, traffic sensors and related costs 
can become a significant expenditure for municipalities. The 
high installation costs arise at least in part from the need to 
shut down lanes of traffic and cut into the roadway surface. 
High maintenance costs arise from the need to repair and 
reconfigure sensors that do not consistently perform well. 

Typically, traffic signal lights have been actuated using 
inductive loop detectors embedded in the roadway. Inductive 
loop detectors are very expensive to install since lane closures 
are necessary. The high cost is compounded, especially for 
multi-lane roadways, since at least one inductive loop detec 
tor is required for each detection Zone (e.g., left hand turn lane 
detection Zones, through lane detection Zones, and right hand 
turn lane detection zones). Furthermore, inductive loop detec 
tortechnology is often unreliable and inductive loop detectors 
require a great deal of calibration. 

Similar to inductive loop detectors, magnetometer detec 
tors are embedded in the roadway Surface and require lane 
closures to install. Furthermore, these detectors are depen 
dent on batteries for operation, bringing into question the 
usable life of the sensor. Additionally, the sensors must be 
replaced or reinstalled when the roadway is resurfaced. 
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2 
Video detectors are also used in Some traffic signal actua 

tion systems. To facilitate traffic signal light actuation, a video 
camera is placed high above a signal arm Such that the video 
camera's view covers one approach to the intersection. The 
Video signal from the camera is digitally processed to create 
detections in the defined Zones. Using video detectors an 
intersection can be monitored on a per approach basis (that is 
all the lanes of an approach), as opposed to the per detection 
Zone basis used with inductive loops. Since a dedicated 
mounting arm is often necessary the installation of a video 
detector System can also be expensive and time consuming. 
Furthermore, video detectors require a great deal of mainte 
nance since the video cameras often fail and they require 
cleaning. The performance of video detection is affected by 
visibility conditions such as Snow, rain, fog, direct light on the 
camera at dusk and dawn, and the lighting of the roadway at 
night. 
Microwave detectors have also been used in intersections 

to provide detection coverage over limited areas. At least one 
microwave detector has a limited degree of mechanical and 
electrical steering. Further, the coverage is typically over a 
Small portion of the intersection. 

Other microwave sensors have included multiple receive 
antennas but have included only a single transmit antenna that 
has a very broad main beam or even may be an omni-direc 
tional antenna. Systems that employ only one broad beam or 
omni-directional transmit antenna typically cannot achieve 
an appropriately reduced side lobe power level. Furthermore, 
these single transmit antenna systems typically suffer from 
widening of the main lobe. 
At least one microwave detector, which has been used for 

mid-block traffic detection applications near intersections, 
has two directional receive antennas and one directional 
transmit antenna. The multiple antennas create parallel radar 
beams that can be used to make Velocity measurements as 
vehicles pass through the beams. However, the antennas of 
this device cannot cover enough of the intersection to provide 
coverage over a large area. 

Acoustic sensors have also been used in intersections to 
cover limited detection Zones. However, these sensors only 
monitor a limited area on an intersection approach and are 
Subject to detection errors arising from ambient noise. 

BRIEF SUMMARY 

The present invention extends to methods, systems, and 
computer program products for detecting targets in roadway 
intersections. Embodiments of the invention include a traffic 
sensor for monitoring a roadway intersection. The traffic sen 
sor includes an antenna array of transmit antennas and receive 
antennas. The transmit antennas are for transmitting radio 
frequency (RF) signals into the roadway intersection. The 
receive antennas are for receiving reflections of the radio 
frequency (RF) signals reflected off of objects in the roadway 
intersection. The reflections corresponding to two dimen 
sional image data for the roadway intersection. 
The traffic sensor also includes a radio frequency (RF) 

signal generator for generating radio frequency (RF) signals. 
The traffic sensor also includes a receive channel. The receive 
channel is for conditioning received reflections of the radio 
frequency (RF) signal for compatibility with a processor. The 
traffic sensor also includes circuitry providing a transmission 
path from the radio frequency (RF) signal generator to the 
antenna array and providing a transmission path from the 
antenna array to the receive channel. The transmissions paths 
are provided simultaneously. 
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The traffic sensor includes a processor. The processor is for 
processing conditioned reflections corresponding to two 
dimensional image data for the roadway intersection into a 
two dimensional image of targets in the roadway intersection. 

Other embodiments include methods for detecting targets 
in roadway intersections. 

This Summary is provided to introduce a selection of con 
cepts in a simplified form that are further described below in 
the Detailed Description. This Summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed Subject matter. 

Additional features and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by the prac 
tice of the invention. The features and advantages of the 
invention may be realized and obtained by means of the 
instruments and combinations particularly pointed out in the 
appended claims. These and other features of the present 
invention will become more fully apparent from the following 
description and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to describe the manner in which the above-recited 
and other advantages and features of the invention can be 
obtained, a more particular description of the invention 
briefly described above will be rendered by reference to spe 
cific embodiments thereof which are illustrated in the 
appended drawings. Understanding that these drawings 
depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its scope, the 
invention will be described and explained with additional 
specificity and detail through the use of the accompanying 
drawings in which: 

FIG. 1 illustrates an embodiment of a traffic sensor. 
FIG. 2 depicts the traffic sensor of FIG. 1 in a roadways 

intersection and depicts a further aggregate sensor view. 
FIG.3 depicts an example architecture for an intersection 

traffic sensor. 
FIG. 4 illustrates an example of an antenna array. 
FIG. 5 illustrates an example flow chart of a method for 

detecting targets in a roadway intersection. 
FIGS. 6A through 6C illustrate examples of two dimen 

sional detection Zones. 

DETAILED DESCRIPTION 

The present invention extends to methods, systems, and 
computer program products detecting targets in roadway 
intersections. Embodiments of the invention include a traffic 
sensor for monitoring a roadway intersection. The traffic sen 
sor includes an antenna array of transmit antennas and receive 
antennas. The transmit antennas are for transmitting radio 
frequency (RF) signals into the roadway intersection. The 
receive antennas are for receiving reflections of the radio 
frequency (RF) signals reflected off of objects in the roadway 
intersection. The reflections corresponding to two dimen 
sional image data for the roadway intersection. 
The traffic sensor also includes a radio frequency (RF) 

signal generator for generating radio frequency (RF) signals. 
The traffic sensor also includes a receive channel. The receive 
channel is for conditioning received reflections of the radio 
frequency (RF) signal for compatibility with a processor. The 
traffic sensor also includes circuitry providing a transmission 
path from the radio frequency (RF) signal generator to the 
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antenna array and providing a transmission path from the 
antenna array to the receive channel. The transmissions paths 
are provided simultaneously. 
The traffic sensor includes a processor. The processor is for 

processing conditioned reflections corresponding to two 
dimensional image data for the roadway intersection into a 
two dimensional image of targets in the roadway intersection. 

Other embodiments include methods for detecting targets 
in roadway intersections. 

Embodiments of the invention include intersection traffic 
detection products that, can be mounted above the roadway 
Surface, monitor a wide portion of the roadway, and are robust 
to varying lighting and weather conditions. 

In this specification and in the following claims, the term 
“roadway intersection' is defined as the intersection of two or 
more roadways for automobile and/or truck traffic including 
the approaches to the intersection and also includes an inter 
section of roadways with one or more thoroughfares for other 
traffic, including the approaches to the intersection. Thor 
oughfares for other traffic may include pedestrian paths and 
railways. 

FIG. 1 is an example traffic sensor 20. Generally, traffic 
sensor 20 can be used to detect objects (e.g., vehicles, pedes 
trians, etc.) at a roadway intersection. As depicted, traffic 
sensor 20 includes antenna array 10, circuitry 11, Signal 
generator 12, receive channel 13, and processor 14. 

Generally, antenna array 10 is configured to create antenna 
beams over which a transmit signal is propagated and/or from 
which received signals are received. In some embodiments, 
antenna array 10 creates multiple antenna beams that are 
steered so that the antennas overlap at their 3 dB points 
creating continuous coverage over a 90 degree area. 

Antenna array 10 can include a plurality (and potentially a 
large number) of transmit antennas and can include a plurality 
(and potentially a large number) of receive antennas. Trans 
mit antennas can be configured to transmit signals into a 
roadway intersection. Transmit antennas can be directional 
antennas used to transmit a signal. Receive antennas can be 
configured to receive reflections of signals reflected off of 
objects in the roadway intersection. The reflections can cor 
respond to two dimensional image data for the roadway inter 
section. Receive antennas can also be directional antennas 
used to receive (e.g., reflected) signals. 

Using directional antennas (potentially for both transmit 
antennas and receive antennas) has at least two advantages 
over the use of other types of antennas, including broad beam 
antennas. One advantage is that the sidelobe level in the two 
way antenna pattern is reduced. Another advantage is that the 
width of the mainlobe of the in the two way antenna pattern is 
also reduced. 

Generally, the number of transmit and receive antennas 
used in an antenna area can be matched to the size of the area 
that is to be covered. For larger areas the number of transmit 
and receive antennas can be increased. In some embodiments, 
the number of transmit and receive antennas is selected to 
provide Sufficient angular resolution or Sufficient coverage. 

Signal generator 12 is configured to generate a radar signal. 
Generally, circuitry 11 is configured to provide a transmitting 
transmission path between signal generator 12 and antenna 
array 10. Signals generated at signal generator 12 can pass 
from signal generator 12, along the transmitting transmission 
path, to antenna array 10 for transmission. The transmitting 
transmission path can include appropriate Switches that 
Switch the transmission path to each (e.g., transmitting) 
antenna in the antenna array 10 in sequence 

Circuitry 11 is also configured to provide a receiving trans 
mission path between antenna array 10 and receive channel 
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13. Reflected signals received at antenna array 10 can pass 
from antenna array 10, along the receive transmission path, to 
receive channel 13. The receive transmission path can include 
a mixer that mixes down received reflected signals to base 
band. 

Receive channel 13 is configured to condition received 
reflections for compatibility with processor 14. When appro 
priate, receive channel 13 provides one or more of multiplex 
ing, filtering, and amplification before providing received 
signals for analog to digital conversion. In some embodi 
ments, baseband signal lines are multiplexed to a single signal 
line. 

Processor 14 processes signals corresponding to received 
reflections to convert the signals into meaningful digital data 
(e.g., digital data 6). In some embodiments, the processing 
algorithms combine the data from the plurality of antennas 
into one complete (e.g., two dimensional) image before 
detecting vehicles. Processor 14 can be a digital signal pro 
cessor configured to convert received signals into digital data 
and deliver digital data to external components, such as, for 
example, communication link 33 (e.g., to a display device or 
another computer system), storage 37, and contact closure 39. 
Storage 37 can be a computer-readable storage media, Such 
as, for example, a magnetic disk, an optical disk, a flash drive, 
RAM, etc.) 

Digital data 6 can include, for example, a sensor configu 
ration, presence indications, vehicle detections, estimated 
vehicle speed, and traffic statistics. Traffic statistics can 
include: vehicle counts per lane; vehicle counts per direction; 
vehicle counts per approach; turning counts; average speeds 
per lane, direction, or approach; 85th percentile speeds per 
lane, direction, or approach; occupancy per lane, direction, or 
approach; etc. 

Processor 14 can also be configured to control signal gen 
erator 12. For example, processor 14 can send a signal acti 
Vation command to signal generator 12 when signal generator 
12 is to generate a signal. 

Sensor 20 can also include system memory (e.g., RAM). 
Processor 14 can utilize the system memory when processing 
digital data 6. 

In some embodiments, signal generator 12 is a radio fre 
quency (“RF) generator that generates RF signals. For 
example, signal generator 12 can generate a frequency modu 
lated continuous wave (“FMCW) RF signal. The FMCW RF 
signal can be generated via direct digital synthesis and fre 
quency multiplication. In these embodiments, circuitry 11 
includes RF circuitry having RF switches. The RF switches 
are used to Switch the transmission path for an RF signal to 
each (e.g., transmitting) antenna in the antenna array 10 in 
Sequence. 

In these embodiments, the RF circuitry is also configured 
to provide a receiving transmission path for received reflected 
RF signals. Receive channel 13 can condition received 
reflected RF signals for compatibility with processor 14. 
When appropriate, receive channel 13 provides one or more 
of multiplexing, filtering, and amplification before providing 
received reflected RF signals for analog to digital conversion. 

Also in these embodiments, the same antenna can used to 
both transmit an RF signal and receive reflected RF signals. 
Accordingly, the number of antennas in the antenna array can 
be reduced by half relative to embodiments in which separate 
transmit and receive antennas are required. Transmitantennas 
can be directional antennas used to transmit an RF signal. 
Similarly, receive antennas can be directional antennas used 
to receive reflected RF signals. 

Accordingly, in Some embodiments, the range to the targets 
in each of the antenna beams is determined through the use of 
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6 
an FMCW RF signal. The angle to targets in a roadway 
intersection can be determined through the use of the indi 
vidual antennas in the antenna array. As a result, the range and 
angle can be determined for targets in a large portion of a 
roadway intersection. From this information a two dimen 
sional image of the roadway intersection can be constructed. 

FIG. 2 depicts the intersection traffic sensor 20 of FIG. 1 in 
a roadway intersection 41. Sensor 20 utilizes multiple 
antenna beams 24A-24P Circuitry 11 can be configured to 
Switch radar signal transmission between antenna beams 
24A-24P on and off in sequence. Switching circuitry can 
control when each antenna beam is transmitting. A baseband 
multiplexer can control when a received (e.g., reflected) sig 
nal is processed for an antenna. 

Processor 14 can measure the range to targets in each of the 
antenna beams 24A-24P. The range is the distance between 
sensor 20 and the targets 26A and 26B. Further, by using each 
of the antenna beams 24A-24P sensor 20 can receive a radar 
return (e.g., a reflection off of vehicle 26A or 26B) from 
multiple azimuth angles. The multiple azimuth angles are 
measured in the horizontal plane, and can measure the range 
to the targets at each of the azimuth angles. In this way, 
processor 14 can create a two dimensional image of the tar 
gets (e.g., 26A and 26B) in and/or approaching intersection 
41. Processor 14 can create an image using a two dimensional 
orthogonal coordinate system, such as, for example, a Carte 
sian coordinate system, a polar coordinate system, etc. 

FIG. 3 depicts architecture 300 for an intersection traffic 
sensor, Such as, for example, sensor 20. As depicted, archi 
tecture 300 includes RF signal generator 32, processor 34, 
receive channel 33, RF circuitry 31, and antenna array 30. 

Processor 34 is electrically connected to RF signal genera 
tor 32 and receive channel 33. Processor 34 controls the time 
of signal generation, which occurs in RF signal generator 32. 
RF signal generator 32 can include various components for 
generating an RF signal. For example, as depicted, RF signal 
generator 32 including direct digital synthesizer (“DDS) 42, 
mixer 43, phase locked voltage controlled oscillator 44. Phase 
locked Voltage controlled oscillator 44 is for frequency up 
conversion. As depicted, RF signal generator 32 also includes 
times 16 multiplier 46 and times two multiplier 47. Filtering 
is performed at the output of DDS 42, after the up conversion, 
and after each multiplication stage. The resulting modulated 
signal includes frequencies between 24 GHz and 24.25 GHz. 
As depicted, RF signal generator 32 is electrically coupled 

to RF circuitry 31. As such, generated RF signals travel from 
RF signal generator 32 to RF circuitry 31. RF circuitry 31 
includes two stages of RF switches. One stage includes RF 
switch 51 and another stage includes RF switches 52A, 52B, 
52C, and 52D. Accordingly, RF signals can pass through 
these two states of RF switches. 
The switches 51 and 52A-52D provide a transmission path 

for an RF signal to one of 16 mixers, 31A through 31P. Each 
mixer includes a local oscillator (“LO) port and an RF port. 
The mixers are designed Such that a transmission path exists 
between the LO port and the RF port (i.e., the LO port and the 
RF port are not electrically isolated). The transmission path 
between LO port and RF port allows RF signals to pass 
through the mixer to the corresponding antenna 30A through 
3OP. 

Mixers 31A through 31P are electrically connected to 
baseband multiplexer 61. Received (e.g., reflected) signals, 
for example, corresponding to two dimensional image data 
for a roadway intersection, enter a mixer via its RF port from 
the corresponding antenna 30A through 30P. Received (e.g., 
reflected) signals are mixed with the RF signal into a base 
band signal. The baseband signal leaves the mixer via the 
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intermediate frequency (“IF) port and is received at base 
band multiplexer 61. Thus, baseband multiplexer 61 can mul 
tiplex the baseband signal from the IF ports onto a single 
signal path. 

Baseband multiplexing can be synchronized with the RF 
Switching. Accordingly, the mixer having the transmission 
path selected by the RF switches 51 and 52A-52D (i.e., to 
which the transmit transmission path is selected) is also the 
mixer to which baseband multiple 61 is switched. For 
example, if RF switch 51 is in the top position and RF switch 
52A is in the second position, the transmit transmission path 
is switched to mixer 31B. Thus, when the RF switches are in 
these positions, baseband multiplexer 61 can also be switched 
to receive a baseband signal from the IF port of mixer 31B. 

In some embodiments, the mixers 31A through 31P are 
ring mixers. Each ring mixer can include two diodes, with a 
corresponding capacitor and resistor for biasing, which are 
positioned around a circular transmission line. 

Further components in receive channel 33 can convert the 
baseband signals into digital data interpretable by processor 
34. In some embodiments, receive channel 33 includes ampli 
fier 71, a filter 72, and an analog to digital (A/D) converter 
73. After a baseband signal is digitized, the digital data then 
passes to processor 34 where it is converted into useful infor 
mation. For example, from the digital data, processor 34 can 
generate a two dimensional image of targets in a roadway 
intersection. 
The components depicted in FIG. 3 can be manufactured 

onto a printed circuit board using printed circuit board tech 
niques. 

In some embodiments, the same the same directional 
antenna is used to transmit and receive. Using the same direc 
tional antenna decreases the sidelobe level in the two-way 
antenna patterns and narrows the main bean in the two-way 
antenna patterns. For example, a directional antenna can have 
a mainlobe steered to a specific direction and will have side 
lobes in other directions. In some antennas, these sidelobes 
receive or transmit power at an approximate level of approxi 
mately -20 dB from the mainlobe. 
When the same antenna is used to transmit and receive, 

then the combined sidelobe approximate level is -40 dB. 
Furthermore, the same effect that causes the reduced sidelobe 
level in the two-way antenna pattern also causes a narrowing 
of the mainlobe. Thus, when the same directional antenna is 
used, the beam width of the mainlobe is narrower and the 
sidelobe level is lower than if a single broad transmit antenna 
is used. 

In some embodiments, the antennas in an antenna array are 
traveling wave series fed microstrip patch antennas that are 
terminated by a matched microstrip patch. Traveling wave 
series fed microstrip patch antennas create a fan shaped 
antenna beam. This type of antenna is a printed microwave 
antenna that is manufactured onto a printed circuit board 
using printed circuit board techniques. The antennas can be 
oriented so that the antenna beam is narrow in the azimuth (or 
horizontal) plane and wide in the elevation (or vertical) plane. 
The steer angle of the beam, which is measured in the azimuth 
plane, may be dictated by the phasing between the antenna 
elements. The spacing of the elements at least in part controls 
this phasing. For example, antennas is can be configured so 
that their beams are steered to nearboresight (perpendicular). 

In some embodiments, the components depicted in FIG. 3 
are printed onto one circuit board and a series of wave series 
fed microStrip patch antennas are printed onto another circuit 
board. The two circuit boards are electrically connected to 
one another. 
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FIG. 4 illustrates an example of an antenna array. As 

depicted in FIG.4, antennas 80A through 80E are all fed from 
the right and are phased so that the beams are also steered to 
the observer's right. Antennas 81A through 81E are flipped so 
that their feed points are on the left, the steer angles of these 
antennas is also flipped so that the antennas are steered to the 
observer's left. The eight antennas with feed points on the 
right (80A through 80E) are designed with different steer 
angles so that beams cover the area between boresite and 45 
degrees to the right. The eight antennas with feed points on 
the right (81A through 81E) with different steer angles so that 
beams cover the area between boresite and 45 degrees to the 
left. 

FIG.5 illustrates an example flow chart of a method 500 for 
detecting targets in a roadway intersection. The method 500 
will be described primarily with respect to the components in 
FIG. 3 and with some reference to FIG. 2. 
Method 500 includes an act of generating a processor con 

trolled radio frequency (RF) signal (act 501). For example, 
RF signal generator 32, as controlled by processor 34, can 
generate an RF signal. RF switches 51 and 52A-52D can set 
the transmit transmission path to a specified mixer. The gen 
erated RF signal can then pass through the RF switches to the 
specified mixer. The RF signal can then pass out the RF port 
the specified mixer to the corresponding antenna. For 
example, from mixer 31B to antenna 30B. 
Method 500 includes an act of transmitting the radio fre 

quency (RF) signal into the roadway intersection (act 502). 
For example, antenna 30B can transmit the RF signal into a 
roadway intersection (e.g., similar to intersection 41). 
Method 500 includes an act of receiving reflections of the 
radio frequency (RF) signals reflected off of objects in the 
roadway intersection, the reflections corresponding to two 
dimensional image data for the roadway intersection (act 
503). For example, antenna 30B can receive reflections of the 
transmitted RF signal. The reflections can correspond to 
objects (e.g., cars 26A and 26B). The received reflections can 
correspond to two dimensional image data for intersection 41. 
Method 500 includes an act of conditioning the received 

reflections of the radio frequency (RF) signal for compatibil 
ity with a processor (act 504). For example, mixer 31B can 
mix the received reflections into a baseband signal. The base 
band signal can pass out the IF port of mixer 31B to baseband 
multiplexer 61. Baseband multiplexer 61 can output the base 
band signal for further conditioning at other components in 
receive channel 33. For example, the components of receive 
channel 33 can convert the baseband signal into digital data 
compatible with processor 34. 
Method 500 includes an act of a processor processing the 

conditioned reflections corresponding to two dimensional 
image data for the roadway intersection into a two dimen 
sional image of targets in the roadway intersection (act 505). 
For example, processor 34 can process condition reflections 
corresponding to two dimensional data for intersection 41 in 
a two dimensional image that includes vehicles 26A and 26B 
in intersection 41 

Generally, embodiments of the invention can be used to 
assist in the control of traffic control devices, such as, for 
example, traffic control lights. For example, at intersections 
where one or more approaches include a significantly reduced 
volume of traffic compared to other approaches of the inter 
section, embodiments of the invention can be used to activate 
a green signal to the low Volume approach in response to 
detecting on coming vehicles. Similar detections and activa 
tions can be used for turn lanes when vehicles are present. 
Further, embodiments of the invention can be used to hold a 
green light when transition to yellow and then to red would 
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potentially cause one or more vehicles to enter a dilemma 
situation (e.g., causing uncertainty about whether to stop or 
continue through an intersection) 

Use of a two dimensional coordinate system also facilitates 
the creation and use of more complex combinations of detec 
tion Zones. That is, detection Zones are not necessarily limited 
to the area between a pair of parallel lines perpendicular to an 
intersection approach. FIG. 6A depicts an example of detec 
tion Zones that can be used to distinguish between targets in 
different lanes. As depicted, an approach to intersection 600 
includes lanes 611, 612, 613, and 614. Zone 621 is configured 
as a rectangle within lane 612 and Zone 622 is configured as 
a rectangle within lane 613. Accordingly, when sensor 620 
detects a target in detection Zone 621, sensor 620 determines 
that the target is in lane 612. Similarly, when sensor 620 
detects a target in detection Zone 622, sensor 620 determines 
that the target is in lane 613. 

FIG. 6B depicts an example of a detection Zone that can be 
used to more accurately detect targets in a turn lane. As 
depicted, one approach to intersection 650 includes left turn 
lane 661 and lane 662 and another approach includes lane 
663. Detection Zone 671 is configured for detecting targets in 
turn lane 661. Accordingly, when sensor 670 detects a target 
in detection Zone 671, sensor 650 determines that the target is 
in left turn lane 661. From time to time, vehicles turning left 
from lane 663 to lane 664 may partially enter the corner of left 
turn lane 661 (e.g., as depicted by the path of vehicle 651). 
However, the configuration of detection Zone 671 is such that 
vehicles turning left from lane 663 to lane 664 are less likely 
to improperly cause a detection in left turn lane 661 when 
following Such a path. For example, with the configuration of 
detection Zone 671, vehicle 651 has a reduced chance of 
entering detection Zone 671 and thus causing an improper 
detection when traveling the depicted path. 

FIG. 6C depicts an example of detection Zones that can be 
used to more appropriately determine when a turn signal is to 
be activated. As depicted, one approach to intersection 680 
includes left turn lane 681 and lane 682. Left turn lane 681 
includes detection Zone 691 closer to the stop bar for left turn 
lane 681 and detection Zone 692 further back from the stop 
bar for left turn lane 681. Detection Zone 692 can be posi 
tioned in the left hand turn pocket for left turn lane 681. The 
left hand turn pocket is a location where a third vehicle from 
the stop bar may be stopped. Accordingly, when sensor 690 
detects a target (e.g., vehicle 693) at least partially in detec 
tion Zone 691 and a target (e.g., vehicle 696) at least partially 
in detection Zone 692, sensor 690 detects an increased likeli 
hood ofat least three targets (vehicles) present in left turn lane 
681. Detecting three vehicles can be a trigger for activating a 
left turn arrow for left turn lane 681. Thus, when sensor 690 
detects targets in detection zones 691 and 692, a signal con 
troller for intersection 680 can activate the left hand turn 
arrow for left turn lane 681 on the next cycle. 

Although some examples of detections Zones have been 
expressly depicted and described, it should be understood that 
a large variety of other configurations and combination of 
detection Zones are contemplated. For example, the detection 
Zones of FIGS. 6A and 6B can be combined by using a 
detection Zone similar to detection Zone 671 in lane 611. 
Other detection Zones can be also be specifically configured 
for right hand turn lanes. 
The present invention may be embodied in other specific 

forms without departing from its spirit or essential character 
istics. The described embodiments are to be considered in all 
respects only as illustrative and not restrictive. The scope of 
the invention is, therefore, indicated by the appended claims 
rather than by the foregoing description. All changes which 
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10 
come within the meaning and range of equivalency of the 
claims are to be embraced within their scope. 

What is claimed: 
1. A traffic sensor for monitoring a roadway intersection, 

the traffic sensor comprising: 
an antenna array, including: 

a plurality of transmit antennas for transmitting radio 
frequency (RF) signals into the roadway intersection; 
and 

a plurality of receive antennas for receiving reflections 
of the radio frequency (RF) signals reflected off of 
objects in the roadway intersection, the reflections 
corresponding to two dimensional image data for the 
roadway intersection; 

a radio frequency (RF) signal generator for generating 
radio frequency (RF) signals; 

a receive channel, the receive channel for conditioning 
received reflections of the radio frequency (RF) signal 
for compatibility with a processor; 

a processor for processing conditioned reflections corre 
sponding to two dimensional image data for the roadway 
intersection into a two dimensional image of targets in 
the roadway intersection. 

2. The traffic sensor as recited in claim 1, further compris 
ing RF circuitry that provides a transmit transmission path 
from the radio frequency (RF) signal generator to the antenna 
array, and that provides a receive transmission path from the 
antenna array to the receive channel, wherein the transmit 
transmission path from the radio frequency (RF) signal gen 
erator to the antenna array and the receive transmission path 
from the antenna array to the receive channel are provided 
simultaneously. 

3. The traffic sensor as recited in claim 2, wherein the RF 
signal generator comprises an RF signal generator configured 
to generate an frequency modulated continuous wave 
(FMCW) modulated radar signal, wherein the RF circuitry 
comprises one or more mixers to mix the received reflection 
signals with the generated frequency modulated continuous 
wave (FMCW) modulated radar signal to create a baseband 
signal, wherein the receive channel digitizes the baseband 
signal, and wherein the processor processes the digitized 
baseband signal to measure range of targets. 

4. The traffic sensor as recited in claim 2, wherein the RF 
circuitry comprises RF switches, the RF switches configured 
tO: 

Switch the transmit transmission path from the RF signal 
generator to the antenna array to each of the individual 
antennas in the antenna array in sequence such that the 
transmit transmission path is provided to only one of the 
antennas in the antenna array at a given time. 

5. The traffic sensor as recited in claim 4, wherein the 
transmit antennas and receive antennas are the same anten 
aS. 

6. The traffic sensor as recited in claim 5, wherein the RF 
circuitry comprises one or more mixers, each mixer in the one 
or more mixers corresponding to an antenna in the antenna 
array, each of the one or more mixers configured to participate 
in simultaneously creating a transmit transmission path from 
the RF signal generator to the corresponding antenna and a 
receive transmission path from the corresponding antenna to 
the receive channel. 

7. The sensor as recited in claim 6, wherein the one or more 
mixers comprise ring mixers, each ring mixer including two 
diodes positioned appropriately around a circular transmis 
sion line structure. 
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8. The traffic sensor as recited in claim 1, wherein the 
antenna array comprises antennas with similar beam shapes 
that are steered to different angles such that the antenna 
beams overlap. 

9. The traffic sensor as recited in claim 1, wherein the 
antenna array consists of antennas that are manufactured on a 
printed circuit board. 

10. The traffic sensor as recited in claim 9, wherein the 
antenna array consists of traveling wave series fed microStrip 
patch antennas. 

11. The traffic sensor as recited in claim 9, wherein the 
antenna array and the one or more mixers are located on the 
same printed circuit board. 

12. The traffic sensor as recited in claim 1, further com 
prising 

one or more computer-readable storage media, having 
stored thereon computer-executable instructions that, 
when executed by the processor, cause the sensor to 
process received signals. 

13. The traffic sensor as recited in claim 12, wherein the 
one or more computer-readable storage media, having stored 
thereon computer-executable instructions that, when 
executed by a processor, cause the sensor to process received 
signals further comprises computer-executable instructions 
that, when executed, cause the sensor to detect traffic. 

14. The traffic sensor as recited in claim 12, wherein the 
one or more computer-readable storage media, having stored 
thereon computer-executable instructions that, when 
executed by a processor, cause the sensor to process received 
signals further comprises computer-executable instructions 
that, when executed, cause the sensor to create at least one 
presence indication. 

15. The traffic sensor as recited in claim 12, wherein the 
one or more computer-readable storage media, having stored 
thereon computer-executable instructions that, when 
executed by a processor, cause the sensor to process received 
signals further comprises computer-executable instructions 
that, when executed, cause the sensor to generate a traffic 
statistic. 

16. The traffic sensor as recited in claim 12, wherein the 
one or more computer-readable storage media, having stored 
thereon computer-executable instructions that, when 
executed by a processor, cause the sensor to process received 
signals further comprises computer-executable instructions 
that, when executed, cause the sensor to generate a traffic 
COunt. 

17. The traffic sensor as recited in claim 12, wherein the 
one or more computer-readable storage media, having stored 
thereon computer-executable instructions that, when 
executed by a processor, cause the sensor to process received 
signals further comprises computer-executable instructions 
that, when executed, cause the sensor to estimate vehicle 
speed. 

18. At a traffic sensor for monitoring a roadway intersec 
tion, a method for detecting targets approaching the roadway 
intersection, the method comprising: 

an act of generating a processor controlled radio frequency 
(RF) signal; 

an act of transmitting the radio frequency (RF) signal into 
the roadway intersection; 

an act of receiving reflections of the radio frequency (RF) 
signal reflected off of objects in the roadway intersec 
tion, the reflections corresponding to two dimensional 
image data for the roadway intersection; 
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an act of conditioning the received reflections of the radio 

frequency (RF) signal for compatibility with a proces 
Sor, and 

an act of a processor processing the conditioned reflections 
corresponding to two dimensional image data for the 
roadway intersection into a two dimensional image of 
targets in the roadway intersection. 

19. The method as recited in claim 18, further comprising 
an act of creating a transmit transmission path to transmit the 
radio frequency signal from a specified antenna in an antenna 
array. 

20. The method as recited in claim 18, further comprising 
an act of mixing the received reflections with the transmitted 
radio frequency (RF) signal to generate a baseband signal, 
wherein the act of conditioning the received reflections com 
prises an act of digitizing the baseband signal; and wherein 
the processor processing the conditioned reflections com 
prises the processor processing the digitized baseband signal. 

21. A traffic sensor for monitoring a roadway intersection, 
the traffic sensor comprising: 

one or more printed circuit boards, the one or more printed 
circuit boards electrically interconnected, the one or 
more printed circuit boards, including: 
an array of traveling wave series fed microstrip patch 

antennas manufactured into the first printed circuit 
board, the array of traveling wave series fed micros 
trip patch antennas including: 
transmit antennas for transmitting frequency modu 

lated continuous wave (FMCW) radio frequency 
(RF) signals into the roadway intersection; and 

a plurality of receive antennas for receiving reflec 
tions of the frequency modulated continuous wave 
(FMCW) radio frequency (RF) signals reflected off 
of objects in the roadway intersection, the reflec 
tions corresponding to two dimensional image data 
for the roadway intersection; 

a frequency modulated continuous wave (FMCW) radio 
frequency (RF) signal generator for generating fre 
quency modulated continuous wave (FMCW) radio 
frequency (RF) signals; 

a multi staged arrangement of a plurality of RF Switches 
for selecting particular traveling wave series fed 
microStrip patch antennas in the antenna array; 

a plurality of mixers, each mixer in the plurality of 
mixers corresponding to one of the traveling wave 
series fed microStrip patch antennas, each mixer con 
figured to mix a received reflection of a frequency 
modulated continuous wave (FMCW) radio fre 
quency (RF) signal with the frequency modulated 
continuous wave (FMCW) radio frequency (RF) into 
a baseband signal; 

a baseband multiplexer synchronized with the multi 
staged arrangement of a plurality of RF Switches, the 
baseband multiplexer configured to receive a base 
band signal from a mixer when the multi staged 
arrangement of a plurality of RF switches have 
selected the particular traveling wave series fed 
microStrip patch antenna corresponding to the mixer, 

analog to digital conversion components for digitizing 
the baseband signal received from the mixer; and 

a processor for processing digitized data corresponding 
to two dimensional image data for the roadway inter 
section into a two dimensional image of targets in the 
roadway intersection. 

k k k k k 


